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1 INTRODUCTION 



1.1 GENERAL 

Today, many computer programs in structural analysis are 
readily available and each is designed for a specific 
use. Just to name a few are SAP 90, ETABS, SAFE, M- 
STRUDL, MICROFEAP, MULTIFRAME, RISA-2D, etc... and many 
more. These programs are generally used for structural 
analysis and design. Most of these programs have 
graphics capability which provides visual presentation on 
the behavior and response of the structure. 

While most of these programs are developed using 
sophisticated computer methods in elastic structural 
analysis, few are designed to perform elastic second- 
order analysis. Its use can be of considerable 
importance in the design of various structural systems, 
particularly frame type structures. 

In this report, the development and implementation 
of computerized elastic second-order analysis of frames 
is presented. The technique is illustrated by several 
examples . 
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1 . 2 OBJECTIVES 



The primary objective of this report is to develop and 
implement into a computer program the concepts of elastic 
second-order analysis. An additional objective is to 
extend these concepts to perform computerized elastic 
stability analysis. 

In the current LRFD Specification for steel 
buildings [ 1 1 (1st Ed. ,AISC 1986), Chapter C, Section 
Cl states that, " second order ( P-Delta ) effects shall 
be considered in the design of frames . " Chapter H, 
Section 2a, of the Manual, which deals with beam-column 
design, specifies three (3) ways to determine the 
required flexural strength M u of a member: 

a . M u may be determined using second-order 
elastic analysis using factored loads 

b. M u may be determined using plastic 
analysis that satisfies the requirements of Sections Cl 
and C2 of Chapter C of the Manual. Section Cl deals with 
the second-order analysis while Section C2 deals with 
frame stability. 

c. M u may be determined using linear-elastic 
analysis (first-order) combined with approximate 
amplification factors . 
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The LRFD Specification therefore requires explicit 
consideration of second-order effects and permits either 
exact or approximate methods of analysis. 

Typical current design practice uses elastic first- 
order analysis with approximate amplification factors to 
determine M„. This procedure may be tedious and time 
consuming, even if computers are being used. In 
addition, the approximate amplification factors provided 
in the LRFD Specification, are generally applicable only 
to simple, rectangular framing. The approximate methods 
of determining the amplification factors for complex 
irregular framing are not yet well developed. 

It is the specific purpose of this report to develop 
an automated elastic-second order analysis computer 
program that will meet the requirements of Section 2a, 
Chapter H and Chapter C of the LRFD Manual. The use of an 
automated elastic second-order analysis program will 
remove the burden of hand calculations associated with 
the approximate methods. It will also permit accurate 
elastic second-order analysis of planar frames of 
arbitrary geometry. 
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1.3 SCOPE 

1.3-1 Methods of Analysis 

The elastic second-order analysis of a beam- column 
originated from the "Buckling of Columns" which was 
first introduced in 1729 by Van Musschenbroek 1 2 1 . In 
1744, Euler introduced the first accurate stability 
analysis of a centrally loaded elastic column 1 3 1 . Other 
members that were the subject of subsequent study 
included eccentrically loaded columns, columns with end 
moments, and laterally loaded columns. These types of 
columns were treated as "beam-columns". 

There are two basic methods commonly used in 
performing computerized elastic second-order analysis of 
beam-columns and frames . These are called the stability 
function approach and the geometric stiffness approach. 
The latter is an approximate approach, and will provide 
accurate solutions for a limited class of problems . The 
stability function approach, on the other hand, is 
directly based on the governing differential equations of 
the elastic beam-column, and provides exact solutions. 
Further, in order to perform accurate elastic stability 
analysis requires the use of stability functions. This 
approach is used in the development of the Elastic 



